CP violation in neutrino interactions is described by three phases contained in Pontecorvo-Maki-Nakagawa-Sakata mixing matrix (U P M N S ). We argue that the phenomenologocally consistent result of the Dirac CP violation can be obtained if U P M N S is constructed along bipair neutrino mixing scheme, namely, requiring that |U 12 | = |U 32 | and |U 22 | = |U 23 | (case 1) and |U 12 | = |U 22 | and |U 32 | = |U 33 | (case 2), where U ij stands for the i-j matrix element of U P M N S . As a results, the solar, atmospheric and reactor neutrino mixing angles θ 12 , θ 23 and θ 13 , respectively, are correlated to satisfy cos 2θ 12 = sin 2 θ 23 − tan 2 θ 13 (case 1) or cos 2θ 12 = cos 2 θ 23 − tan 2 θ 13 (case 2). Furthermore, if Dirac CP violation is observed to be maximal, θ 23 is determined by θ 13 to be: sin 2 θ 23 ≈ √ 2 − 1 cos 2 θ 13 + √ 2 sin 2 θ 13 (case 1) or cos 2 θ 23 ≈ √ 2 − 1 cos 2 θ 13 + √ 2 sin 2 θ 13 (case 2). For the case of nonmaximal Dirac CP violation, we perform numerical computation to show relations between the CP-violating Dirac phase and the mixing angles.
Introduction
The neutrino oscillations have been experimentally confirmed by the Super-Kamiokande collaboration [1, 2, 3, 4] , who observed a deficit in the flux of atmospheric neutrinos. A similar oscillation phenomenon has been long suggested to occur in solar neutrinos [5, 6, 7, 8, 9, 10] and have been finally confirmed by various collaborations [11, 12, 13, 14, 15] . Theoretically, the neutrino oscillations are realized if neutrinos have different masses and can be explained by mixings of three flavor neutrinos ν e,µ,τ : the ν µ -ν τ mixing for the atmospheric neutrino oscillation and the ν e -ν µ mixing for the solar neutrino oscillation. These mixings are well described by a unitary matrix U P M N S [16, 17] involving three mixing angles θ 12, 23, 13 , which converts three massive neutrinos ν 1,2,3 into ν e,µ,τ . Furthermore, leptonic CP violation is induced if U P M N S contains phases, which are given by one CP-violating Dirac phase δ and two CP-violating Majorana phases φ 2,3 [18, 19, 20] . The standard parameterization of U P M N S [21] is known to take the following form given by 
where c ij = cos θ ij and s ij = sin θ ij and θ ij represents a ν i -ν j mixing angle (i, j=1,2,3). It is understood that the charged leptons and neutrinos are rotated, if necessary, to give diagonal charged-current interactions and to define the flavor neutrinos. The latest result of the experimental observation of three mixing angles is summarized as follows [22] : 
for the normal mass hierarchy (NH) or for the inverted mass hierarchy (IH). There are various theoretical discussions that predict these mixing angles in literatures [23, 24, 25] . Among others, original bipair neutrino mixing scheme has been proposed [26] and is based on the following constraints on U P M N S :
both with U 13 = 0, where U ij (i, j=1,2,3) stands for the i-j matrix element of U P M N S . It is found that
as well as sin 2 θ 12 = 1 − 1/ √ 2(≈ 0.293) and sin 2 θ 13 = 0. It is clear that the case 1 can describe NH while the case 2 can describe IH. Since the observed value of θ 13 turns out be clearly nonvanishing [27, 28, 29, 30, 31, 32, 33, 34, 35, 36] , there appears an interesting possibility to detect leptonic CP violation in neutrino interactions [37] . To induce θ 13 = 0, we have discussed how contributions from charged leptons modify the predictions of the bipair neutrino mixing scheme, which slightly break the required conditions, and have estimated sizes of CP-violating Dirac and Majorana phases [38, 39, 40] .
In this letter, we explore alternative possibility to estimate effects of leptonic CP violation. We retain the constraints on U P M N S intact even if sources of CP violation are included [41, 42] . Since effects from CP-violating Majorana phases are hidden, we expect a certain correlation of the mixing angles to CP-violating Dirac phase to be clarified.
CP-violating bipair neutrino mixing
CP-violating bipair neutrino mixing necessarily contains complex-valued U ij . It is, therefore, reasonable to require the following bipair constraints in Eq.(3) extended to include complex U ij :
When the nonvanishing θ 13 and δ are taken into account in the requirement to obtain the CP-violating bipair neutrino mixing, Eq. (1) where the value of θ 23 evaluated at cos δ = 0 is to be denoted byθ 23 givingŝ 23 = sinθ 23 and so on. When cos δ = 0, Eqs. (6) and (7) indicate that corrections toθ 23 accompany the factor s 13 cos δ sin 2θ 12 , As a result, we find that 
for the case 1. The final expression is obtained by neglecting O(s 
CP-violating Dirac phase
To visually see the dependence of the mixing angles on δ, we perform numerical analysis. Since theoretical predictions depend on δ in the form of cos δ, we use cos δ instead of δ to draw figures.
The figures Fig.1 (2), the range of δ can be determined to be:
• for the case 1 (left in Fig.1 ), −1 cos δ −0.11 (σ > 0) or 0.11 cos δ 1 (σ < 0),
• for the case 2 (right in Fig.1 ), −0.46
• for the both cases (Fig.2) , −0.42
There are other ranges covered by 2π − δ giving the same value of cos δ. By combining the above results, we find the predicted ranges of cos δ:
• for the case 1, −0.42 cos δ −0.11 (σ > 0) or −0.11 cos δ 0.42 (σ < 0),
• for the case 2, −0.42 cos δ 0.61 (σ > 0) or −0.61 cos δ 0.42 (σ < 0), It is obvious that our predictions are consistent with the observed data of δ.
Summary
We have advocated that the CP-violating bipair neutrino mixing scheme well describes the observed property of neutrinos. The simplest relation among the mixing angles is found to be: cos 2θ 12 It is emphasised that the CP-violating bipair neutrino mixing predicts the experimentally favored sin 2 θ 23 > 0.5 for the inverted mass hierarchy to be around sin 2 θ 23 = 2 − √ 2. Although the CP-violating bipair neutrino mixing does not originate from any symmetry argument imposed either on the neutrino mass matrix or on the Lagrangian, the predicted values of the neutrino mixing angles and the CP-violating Dirac phase are well compatible with the observed data. What is the origin of the CP-violating bipair neutrino mixing scheme will remain an issue for future investigations.
